We previously observed that in men concentrations of serum testosterone ('I) not bound to sex-hormone-binding globulin (n-SHBG1) decreased as concentrations of cortiso! increased in early morning. This led us to investigate in vitro the influence of several steroids on protein-bound T. Steroids were added to late-evening sera containing low concentrations of cortisol.
Changes were measured in percent T or estradiol not bound to SHBG (%n-SHBGT or %n-SHBGE).
Results were compared with computer simulations of a mass action model describing current understanding of steroid binding to senun proteins. In vitro measurements confirmed changes observed in vivo. Cortiso! at 600 nmol/L reduced %n-SHJIGT to 61% ± 5% of basal, but this was reversed with cortisol at 2000 ninol/L.
Progesterone
reduced %n-SHBGT less, and dexamethasone had no effect. Free T rose with added cortiso!.
Increasing estradiol to 900 nmol/L caused an increase in %n-SHBGT.
The %n-SHBGE rose with added cortisol (121% ± 5% of basal with cortisol at 1000 nmoVL). Simulation predicted all behaviors except the marked initial decrease in %n-SHBGT as cortisol concentrations increased and the absolute values of %n-SHBGT and %n-SHBGE.
A possible explanation for the former is that T is displaced from corticosteroid-binding globulin (CBG) by added cortisol, more T is bound to CBG than expected, and T displaced from CBG associates with SHBG rather than albumin. Alternatively, current understanding about steroid binding to serum proteins has other major deficiencies. Department of Obstetrics and Gynaecology,
The assay for steroid not bound to sex-hormone-binding globulin (SHBG) was first introduced with use of selective ammonium sulfate precipitation to estimate together all fractions of a steroid not bound to this protein [1, 2] . Usually applied to testosterone (T) and estradiol, the assay has assumed importance [3, 4] with the promulgation of Pardridge's hypotheses [5, 6] that, in many instances, the albumin-bound, as well as the "free" fraction of steroid, is available to enter cells and initiate action. Thus, the non-SHBG-bound part has been referred to as the bioavailable fraction [6] [7] [8] [9] : the "free," the albumin-bound, and the corticosteroid-binding globulin (CBG)-bound forms. In a recent study of the circadian variation of T and its serum forms [10, 11] , we found that the fraction of non-SHBG-bound T (%n-SHBGT) fell markedly between the hours of 0300 and 0700 in all men tested, coinciding with an initial increase in cortisol. Swinkels et at. [12/ also noted a decrease in %n-SHBGT when cortisol increased. Although we based our simulation of known interactions between steroids and their binding proteins on the Law of Mass Action, which predicted successfully most observations, and used this to explore the causes of daily changes in free and n-SHBGT fractions, the pronounced decrease in the latter was unexpected and could not be accounted for by the current hypothesis on steroid-protein interactions.
Here, we examined systematically the influence in vitro of several steroids on both the %n-SHBGT and the percentage of non-SHBG-bound estradiol (%n-SHBGE).
We took blood samples during late evening (when concentrations of cortisol are low) and observed how the addition in vitro of several steroids to After incubation for several hours, the samples were assayed for %n-SHBGT, with the results shown in Fig. 1 . Although there were substantial individual differences in the absolute changes in %n-SHBGT with addition of cortisol to samples from both men and women, the changes in relation to the initial values were similar. In the sera from the men, the initial %n-SHBGT was almost 40%, falling to 27-30% in the 600 nmol/L cortisol sample. The basal values of %n-SHBGT for the samples from the women were 12.5%, 10.4%, and 19.1%, falling to nadirs of 8.1%, 5.2%, and 9.5%, respectively, Error bars represent the SE ofreplicate determinations from single samples. Progesterone, evaporated and redissolved in serum at concentrations of 1-1600 nmol/L, also depressed %n-SHBGT.
Results with serum from a man in response to increasing concentrations of cortisol and progesterone are shown in Fig. 2 .
At a progesterone concentration of 1 nmol/L the %n-SHBGT was 42.4% ± 0.3%, falling to 34.3% ± 3% as progesterone was increased to -1000 nmolIL. As with cortisol, furtherincreasein progesterone reversed this trend: %n-SHBGT returned to 39.5% ± 0.1% when progesterone reached 3200 nmol/L.
Dexairiethasone, evaporated and redissolved in three serum samples at concentrations up to 1300 nmolIL, caused negligible changes in the n-SHBGT fractionof allsamples. Addition of estradiol in a similar manner caused the %n-SHBGT to increase from a basal value of 38.6% ± 0.8% to 89.7% as the concentration of estradiol was increased from 100 pmolIL to 900 nmol/L.
The response of the VT' fraction to increasing concentrations of cortisol was measured in serum from a man. As the concentration of cortisol increased from 43 to 917 nmolIL, the %FT rose from 1.85% ± 0.03% to 2.01% ± 0.03% (Fig. 3) .
The decrease in %n-SHBGT in response to increased concentration of cortisol suggested that cortisol was displacing T from either albumin or CBG. To test for a possible displacement from albumin, we added increasing amounts of cortisol to albumin solutions containing T and measured the Fr fraction.
At a cortisol concentration of 800 nmolIL, the %FT decreased to 94% ± 4% (n -4) of the basal result, indicating that cortisol was not displacing T from albumin.
PERCENT N-SFIBGE
We examined the changes in %n-SHBGE in response to increasing concentrations of cortisol in sera from the three women and two of the men. Despite substantial individual differences in the absolute changes in %n-SHBGE in the men and women, the changes in relation to the initial values were similar (Fig. 1) . However, instead of the decrease seen with %n-SHBGT, the %n-SHBGE showed a steady rise.
To serum from one man we added increasing amounts of progesterone (0-200 nmolIL) and dexamethasone (0-12 11 nmol/L) and found negligible changes in the %n-SHBGE (from 77.7% ± 1.8% to 75.0% ± 0.7% and from 77.7% ± 1.8% to 81.6% ± 2%, respectively). 
I-

AND COMPARISON WITH
EXPERIMENTAL RESULTS
In our previous study of the circadian variation of T and its free and bound fractions were the predicted percentages of VT, n-SHBGT, and n-SHBGE. Figure 4 compares the measured increases in %n-SHBGT and %n-SHBGE (in response to cortisol in sera from a man and a woman) with the results predicted by the simulation.
Quantitatively, the predicted values were considerably higher than those observed, but the qualitative responses of %n-SHBGE to increases in cortisol concentration were very similar. In contrast, however, the predicted responses of %n-SHBGT to increased cortisol diverged from those measured. For the man's sample, simulation predicted a small decrease in %n-SHBGT (0.5%), whereas the observed decrease was 15.4%. However, the measured increase in %n-SHBGT in response to cortisol concentrations >600 nmol/L paralleled that predicted.
Simulation predicted a small increase in %FT, which was indeed seen. When the serum cortisol in one subject was increased from 43 to 489 nmolIL, the %Ff increased by 10% ± 4%, whereas the model predicted a 6% rise. To summarize, the responses of %FT and %n-SHBGE to increased concentrations of cortisol were as predicted, as was the second phase of the response of %n-SHBGT.
However, the sharp initial decrease in %n-SHBGT when cortisol increased from <100 nmol/L to -600 nmolIL was not expected on the basis of the simulation.
Apparently as much as 15% of the T could be displaced from a binding protein by in an increase in cortisol.
A possible contributor to the mismatch between the measured and predicted patterns of change could be that an inappropriate value for the affinity coefficient between CBG and T was used, which would imply that more of the T is initially bound to CBG than usually proposed. To examine the effect that various values for the affinity coefficient would have on the distribution of T fractions, we performed a series of simulations in which this coefficient was varied; the results are shown in Table 1 weakly to CBG, had no effect. The evidence thus suggested involvement of CBG (Fig. 2) . In one subject the addition of 400 nmol/L progesterone to serum depressed %n-SHBGT by 6%, whereas a similar concentration of cortisol depressed it by 10%. This result mirrors their respective affinities for CBG (0.076 L/nmol for cortisol, 0.024 Llnniol for progesterone, and 0.0053 L/nmol for T). Second, involvement of albumin was contraindicated by the experiment in which increasing concentrations of cortisol added to albumin-bound T had no effect on the %Ff. Finally, there was the absence of a decrease in %n-SHBGE in response to an increase in the concentration of cortisol. Simulation suggests that only very small amounts of estradiol are bound to CBG (0.08% in men and 0.02% in women), which means that significant displacement of estradiol from CBG is unlikely to show up as changes in the %n-SHBGE.
If, however, the effect was via albumin-bound estradiol, then we would expect the same changes in both %n-SHBGT and %n-SFIBGE in response to an increase in cortisol. 
%T bound to
Considering first the predicted results when using the accepted affinity coefficient (0.005 3 Llnmol), we see that the initial amount of T bound to CBG is 7%, falling to 0.2 5% as the increasing amount of cortisol displaces the bound T. However, rather than the displaced T initially becoming associated with SHBG, most of the displaced T is predicted to become associated with the albumin fraction.
If the affinity coefficient is doubled to 0.01 LInmol, then the amount of T initially bound becomes 12.4%, close to what is needed to allow for the observed decrease in %n-SHBGT when the cortisol concentration is increased from 6 to 700 nmolIL. However, once again, after an increase in the concentration of cortisol, only a very small decrease in %n-SHBGT is predicted by simulation (from 69.1% to 67.9%) because most of the displaced T is again predicted to associate with albumin.
Thus, even if we postulate that the problem with the simulation model is an inappropriate CBG-T binding affinity, substitution of a higher value alters the baseline value of the CBG-bound fraction but fails to predict the measured behavior.
Discussion hese experiments investigate a phenomenon we first observed hile studying the circadian variation of free and protein-bound teroid [10, 11] , where the %n-SHBGT in the sera of five men as the fraction being displaced by cortisol concerns the expected binding of the released T to albumin. Examination of simulation data (Table 1) shows that, even when the fraction of CBGbound T declined from 7.0% to 1.8%, the calculated overall change in the %n-SHBGT was only 0.2%, with most of the T displaced from CBG becoming associated with albumin. This pattern was repeated when we arbitrarily doubled the affinity coefficient for CBG-T binding (Table 1) . Thus, for the postulated explanation to be correct, the ability of albumin to "absorb" surplus steroid must be questioned.
Perhaps 
